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Corrosion casting is an important tool to study
microvascular
structure,
but unlike the tissue preparation for light and e lectron microscopy,
few controlled
studies
on the methods for preparation
of
microvascular
casts of the lung for scanning electron
microscopy
have been reported
(Schraufnagel
1987,
Lametschwandtner
et al 1984).
The casting procedure usually begins with a vascular
lavage to clean
erythrocytes
and other cells from the lumen of blood
vessels.
However, in a discussion
at a national forum, an investigator
(K. Hodde) indicated
that good
casts could be obtained
without complete vascular
rinsing.
Furthermore,
Gannon (1978) pointed out
that the hemodilution caused by rinsing may produce
edema.
In previous studies,
we confirmed the frequent pr e sence of periarterial
edema.
Our hypothesis, then, was that vascular
lavage may not be necessary and that it may even produce a worse cast
because of pulmonary edema.
Methods
Twelve female, 250 g, Sprague - Dawley rats were
anesthetized
with 10 mg of pentobarbital.
The abdomen was opened and the inferior vena cava and abdominal aorta were cannula t ed at the l evel of the
renal arteries.
In one (the lavaged) group, heparinized saline, warmed to 450c was infused into the inferior vena cava until the aortic effluent was clear.
The saline was infused through a Travenol minidrip
solution delivery
set at a pressure
of 4. 5 cm H zO .
In the other (nonlavaged)
group the infusion was set
only to keep the vein open, which was about 10
drops per minute, until th e aorta was also cannulated, which took about 1 minute.
Fifty milliliters
of
buffered 10% formalin
solution (Fisher, Chicago, IL)
was th en slowly injected
into the inferior vena cava
by a hand held syringe in both groups.
Twenty milliliters of partially polymerized methacrylate
( Mercox,
Ladd Research Industries,
Burlington, VT) mixed with
catalyst was injected through the inferior vena cava
to fill the pulmonary vasculature.
The animals were
placed in a 45°C bath for 1 h to complete the polymerization.
The lungs were removed
and their
weights and volumes were determined.
They were
placed into a ~O N NaOH solution until the lung tissue was digested as judged by viewing them through
a dissecting
microscope.
The specimens were rinsed
in detergent
and water, and the weights and volumes
were measured again.
The final cast to the original
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Introduction

Corrosion
casting is an important
tool for the
study of microvascular
structure,
but unlike tissue
preparation
for light and electron
microscopy,
few
controlled
studies of the methods for preparation
of
microvascular
casts for scanning electron microscopy
have been reported.
Most vascular
casting begins
with rinsing cells from the lumen of the blood vessels, but the necessity
of this has not been shown.
Because of a report
of successfu l casting
without
rinsing and light microscopic
evidence of edema with
c omplete rinsing
prior to casting,
this preparation
procedure
was examined.
Casts of lung vasculature
that were thoroughly
rinsed were compared to those
that were not.
Of the six rats that were not lava ged, only one gave a completely
filled cast, but of
th e six animals that were well rinsed,
only one did
not fill.
Except for the filling and mild periarterial
e dema, no significant
difference
in cast quality or
features
was detected.
Rinsing improves th e fre quency
of obtaining
completely
filled casts.
The
ede ma does not greatly interfere
with the capillary
image and its location gives insight into this process
in the lung .
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organ weight and volume ratios were a measure of
vascular
filling.
If filling was poor, a small cast
would remain and the ratio would be low.
Sections about 1 mm thick were cut with razor
blades.
The specimens
were fastened
to aluminum
studs with double-sided
tape, sputter-coated
with a
layer of palladium-gold
about 20 nm thick and viewed
with a JEOL JSM-35C scanning electron microscope .
The final aperture
was 200 um; the accelerating
voltage was 15 kV; and the working distance was 15
mm. The specimens
were examined and images for
density
index measurements
were taken at 100 X
magnification
and simultaneously
transmitted
to a
DEC Vax computer by Deltapro (Computer Design and
Applications,
Waltham, MA) image analysis
system.
Four studs were made per animal and all the area on
the studs was photographed.
Based on a previous
study ( Schraufnagel
and Schmid 1988), the gray level
of the images was preset to give a black-white
picture where regions out of the plane of focus appeared black and regions in focus appeared
whit e
(Nelson 1987) . The ratio of th e white area to the
total area was defined as the vascular density index.
At higher magnification
the casts were observed
for filling defects, lack of nuclear impressions,
blind
ends, unusual forms and leakage of resin.
Each of
the features
was scored as present or absent.
The
casts were also graded subjectively
from 1 to 5 for
c larity of vascular
replication
and the lack of artifacts.
All specimens
were coded so that we wer e
unaware of the group the animals belonged to until
the time of the analysis.
Comparisons of the percent
weight and volume in the vascular lavaged and nonlavaged groups were made by the t test (SAS 1985);
comparisons
of categorical
data
were
done by
Fisher's
exact test (Fisher 1922); and comparison of
the micrograph
grading
was done by the Wilcoxon
rank sum test (SAS 1985).
No light microscopy
was performed because all
was digested
to assess the cast-organ
weight and
volume ratios.
However, to examine the constancy
of edema, we reviewed the records and slides of 50
animals previously
studied.
In addition, rinsing was
carried out in one animal to determine the amount of
time it took for edema, as detected by frothy nasal
secretions,
to occur.
Two other animals were cast
without rinsing
or receiving
the 50 ml of formalin
fixation.
Results
Only one of the six nonlavaged
animals gave a
perfectly
filled cast; for three animals none was
obtained.
However, in the lavaged group, the vascular tree of only one of the six animals did not fill
well. The cast to organ weight ratio was O.10 ( S. D.
0.22) for the nonlavaged group and 0.28 (S.D. 0.20)
for the lavaged group.
The volume ratios were 0.10
(S.D. 0.20) for the nonlavaged group and 0.29 (S.D.
0.21) for the lavaged group.
The differences
were
not significant.
On inspection
of the casts, the arteries
in the
lavaged group had more space around them (figure
1), but there was no increase
in the space around
capillaries
and veins.
There was no appreciable
leakage in either group.
The number of images that
had large vessels with circular
indentations
was 23%
in the lavaged
group and 9% in the nonlavaged
group, a difference
that was not significant.
There
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was also no difference
in the presence
of nuclear
impressions,
blind ends or subjective
grade of the
micrographs.
Except for the increase in periarterial
space,
it was difficult
to distinguish
micrographs
from the two groups.
From the 5 casts in the lavaged group, 55 micrographs
were obtained;
from the 3 casts in the
nonlavaged group 26 micrographs were obtained.
On
the pleural surface,
the mean density index for the
lavaged group was 0.47 (S.D. 0.06).
For the nonlavaged group it was 0.52 (S.D. 0.09).
On the cut surface it was 0.37 (S.D. 0.14) for the lavaged group
and 0.34 (S.D . 0.05) for the nonlavaged group.
No
difference
was significant.
The review of previous
records
and slides
showed that mild periarterial
edema was common, but
frothy fluid exuding
from the animals'
noses was
rare.
In the animal studied after the casting study
was completed, no increase in nasal secretions
could
be detected
after 30 minutes and almost a liter of
saline.
Light microscopically,
the swelling occurred
between the intima and media and between the media
and adventitia
of arteries,
especially
large ones
(figure 2). Occasionally
resin filled this space. The
capillaries
and veins were spared, and there was little alveolar edema.
The two animals cast without
fixation or vascular
rinsing did not fill well enough
to give a cast.
Discussion
Most investigators
rinse out the blood before
casting the vessels to obtain better filling, but little
regard has been given to the consequences
of this
procedure.
The poor filling obtained in the 6 animals in th e study group and the no -fi lling obtained
with the two animals given nothing but Mercox show
that the frequency
of obtaining
complete casts is
greater
with vascular
lavage.
The casts
in the
no-lavage
group may have been the result of the 50
ml of formalin,
which may indicate
the minimum
rinse.
If the vascular
tree of the lung is thoroughly
rinsed,
edema may occur and show a somewhat different vascular
anatomy than a nonedematous
one.
Fixation before rinsing may not prevent edema, because the osmotic forces are not changed
( Hayat
1981), although the permeability
is. Killing the animal before vascular
lavage may also result in less
clearing
of cells because of the loss of the heart's
pumping action and because proteolytic
enzymes in
the plasma are activated
after death.
This proteolytic action may damage the arterial endothelium and
coagulate blood (Constantinides
and Kiser 1979). Although postmortem clots are soft and easily removed
by opening the vessel, they usually cannot be pushed
through the capillary
bed and may be the reason
casting post mortem is less satisfactory.
The review of the light microscopic
slides gives
insight into the pulmonary edema occurring
in exsanguinating
rats.
Its presence
primarily
around the
larger arteries and absence around veins suggests the
hemodynamic
force is important
in addition
to the
decreased
colloid osmotic pressure.
Adding dextran
to the rinsing solution as suggested by Gannon (1978)
may abolish this edema.
Motti and colleagues
(1986)
use dextran
in their rinsing
solution to study the
brain.
Since this organ is enclosed
within the
noncompliant
calvarium,
periarterial
edema might
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constrict
the vessels and result in decreased vascular
filling with casting material.
A shorter rinsing time
also suggested
by Gannon (1978), may be another
approach.
This may be especially
important
in the
lung, because hypoxia and acidosis are the strongest
constric tors of the pulmonary
circulation,
and they
increase with prolonged ischemia. The appearance
of
frothy secretions
at the nos e does not predict
the
amount of edema and, may not occur even after
extensive
rinsing,
although it is unlikely
to occur
with less than 10 minutes or 400 ml of lavage.
We did not study the temperature
of the rinsing
solution.
The warmed fluid that we used may be a
vasodilator
and may cause the cas ts to harden sooner
(Murakami
1971, Miodonski et al 1978), but it is
unknown if warmed lavage solution is more likely to
cause edema.
In summary, thoroughly
rinsing
the pulmonary
vascular
system before casting may lead to a greater
number of comp letely
filled
cas ts, but may also
produce periarterial
edema . This edema is mild and
may not interfere
with the question
studied.
It
probably
can be eliminated
by shorter
rinsing
or
adding dextran to the solution.

of the Lung

castini
of the lung. A state of the art review.
Scanning Microsc 1:1733-1747.
Schraufnagel
DE , Schmid A. (1988). Capillaries
cha nges in emphysema. Am J Pathol 130 :126-135.
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Figure 1. The methacrylate
cast of rat lung microvasculature.
There is increased space around the artery
(a) from edema (e) in the lavaged
lungs.
Pulmonary arteries
are next to airways (A). Bar =
100 µm.
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Figure 2 . Light micrograph
of rat lavaged lung with
edema (e) around the artery (a) which is adjacent to
the airway (A). The vein (v) and capillaries
within
the alveolar septa appear normal, suggesting that the
blood pressure
contributes
to the edema.
Bar =
57 µm.

Discussion

with Reviewers

N. S. Wang: The pulmonary
edema that you have
shown appears only around the pulmonary artery and
is not advanced either.
Since five out of six lavaged
lungs showed good filling, one may deduce that this
degree of pulmonary edema will not alter the vascular perfusion.
Did the one lavaged case that showed
poorly filled casts have advanced edema?
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D.E. Schraufnagel:
None of the lungs
edema as seen by light microscopy.

Schraufnagel

and A. Schmid
Additional

had alveolar

S. Dilly: If the edema fluid is the saline used as
lavage,
how would you detect
this in the airway
since it would not stain?
D.E. Schraufnagel:
That is a good point.
cannot
conclude that alveolar edema did not occur.
N .S. Wang: Please discuss why all parameters
examined are not significantly
different
between
the
lavaged and non-lavaged
groups.
D.E. Schraufnagel:
The cast obtained from one nonlavaged lung was excellent.
Except for the increased
space between the large arteries and capillaries,
the
two were indistinguishable,
so I doubt lavage affects
structure
much. The statistical
power was diminished
because many of the nonlavaged animals did not cast.
I am confident
that the differences
in cast to organ
ratio would be significant
if more animals were used.
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S. Dilly: Why did you use a hand-held
syringe rather
than a fixed pressure
for delivering
formaldehyde
solution,
since this is likely to influence
the distension of vessels?
D .E. Schraufnagel:
The formalin was slowly injected
into the lme through
a 20 gauge needle without
strong force.
The pressure
is unlikely
to be more
than 5 to 10 mm Hg.
A.C. Nelson: Based on your studies of microvascular
casting of the lung, what do you recommend as the
preferred
method of preparation?
D.E. Schraufnagel:
Based on this work, I can say
rms1ng will mcreased
the frequency
of obtaining
good casts, although this need not be as exhaustive
as I had earlier
thought.
We will be adding
dextran-70
to our rinsing
solution in the future.
Fixation
may improve filling and decrease
leakage
( Sc hraufnagel
and Schmid, in press),
but may in crease digestion
time.
We continue
to used formaldehyde fixation.
At present we use 10 N NaOH for
digestion which may take up to 3 weeks to complete.
We are studying
ways to decrease
this time.
The
microscope
settings
we use are as listed for this
study.
A.C. Nelson: In defining the vascular density index,
how were regions
in or out of the plane of focus
identified,
and is this index dependent on the magni fication or SEM contrast?
D .E. Schraufnagel:
We used the formula given by
Goldstem
and colleagues
(1981) for calculating
the
depth of focus, knowing the final aperture,
accelerating voltage,
the working distance
and magnification.
The depth of field is too great to use morphometric methods to obtain exact measurements.
Point
counting
(Schraufnagel
et al., 1986) is difficult because the bounds of focus are not clear enough for
good reproducibility.
However, by presetting
the
gray levels, carrying out the study blindly and paying
attention
to contrast and brightness,
an index can be
developed
that can be used for comparisons.
This
technique
needs to be further developed by calibrating studies,
such as you have performed
(Nelson
1987).
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